The nucleotide sequence of Escherichia coli asparagine tRNA was deter-
INTRODUCTION
Asparagine tRNA in E. coli is one of the few acceptor RNAs which cont a i n the hypermodified nucleoside Q in the anticodon ( 1 ) . This family of tRNAs can be easily p u r i f i e d by chromatography on dihydroxyboryi-substituted cellulose ( 2 ) . Since the knowledge of the primary structure of tRNA was important for our studies on the precursors to the Q-base containing tRNAs in E. coli ( 3 ) , we undertook to determine i t s nucleotide sequence.
MATERIALS AND METHODS

General.
Pancreatic RNase, snake venom phosphodiesterase and E. coli alkaline phosphatase (BAPF) were obtained from Worthington Biochemical Corp.
Tl and T2 RNase (Sanko) were purchased from Calbiochem. U2 RNase was a g i f t of Dr. H. Okazaki of the Sankyo Co., Tokyo. Silkworm nuclease was a g i f t of Dr. J . Mukai. PEI (4) plates (Polygram Cel 300 PEI) were a product of Macherey-Nagel. RP-14, RP-54, and NST-54 X-ray films were from Eastman Kodak; Whatman DE81 DEAE-cellulose paper and Whatman #1 chromatography paper from Fisher S c i e n t i f i c . Cellogel was a product of Colab Inc.
Preparation of tRNA. For the early sequence work unlabelled tRNA from E. coli B was p u r i f i e d by DEAE-Sephadex chromatography and reversed phase 32 chromatography as described ( 1 ) . Uniformly [ P]-labelled tRNA was p u r if i e d from E. coli K12 s t r a i n A49 (5) as described ( 6 ) . From this tRNA the mixture of Q-base containing tRNAs was isolated as described e a r l i e r ( 2 ) .
10*/. 6*1 Figure 1 Autoradiogram of [ 32 P]-tRNA species separated by 2-dimensional polyacrylamide gel electrophoresis.
tRNA'
. tRNA HI * l.tRNA*'" SIRNA T n e individual tRNA species . were then separated by standard two-dimensional polyacryl amide electrophoresis (7) using a 10% gel in the f i r s t -MRNA"'" dimension followed by a 20% gel in 6M urea for the second dimension. tides) or by UV-absorbance (cold oligonucleotides). In the l a t t e r case they were eluted and t h e i r spectra determined. RESULTS
Since both unlabelled and [ P]-labelled tRNA
was used for sequence analysis we have combined the description of the results. Only in some cases will it be indicated which source of tRNA was used.
Pancreatic RNase Digestion Products. The [ P]-labelled tRNA Sn was digested with pancreatic RNase and the fragments separated by electro- •%. ' Table II . With the exception of fragments plO, pi3, and pl7, all oligonucleotides could be elucidated by the combined results of T2 and Tl RNase digestions. For these three fragments additional enzymatic analyses are described in Table V .
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Sequence of Fragment plO. The results in Table V show that t A is at the 5'-end of the oligonucleotide; thus its sequence is t 6 A-A-^-.
Sequence of Fragment plZ. Since G was found to be the 5'-terminal residue (see Table V ) the sequence of this tetranucleotide is G-A-G-U-. 
Sequence of Fragment pl7. Silkworm nuclease digests yielded A-G-A-as the 5'-end and -A-G-C-as the 3'-end of this oligonucleotide (Table V). Combined with the results of the Tl RNase digest the sequence was deduced as A-G-A-G-G-
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Sequence of Fragment t4. Since D is at i t s 5'-terminus (Table V) Sequence of Fragment t8. Treatment with polynucleotide phosphorylase yielded U-U-C-as the 5'-terminal sequence; thus fragment t8 is U-U-C-A-G-.
Sequence of Fragment t9. Since U is the 5'-terminal base (Table V) , the oligonucleotide sequence is U-C-A-G-.
Sequence of Fragment til. Treatment with polynucleotide phosphorylase gave U-C-C as the 5'-terminal sequence (Table V) ; thus fragment t i l is
Sequence of Fragment tlZ. The combined results of m G cleavage and U2
RNase digestion of t h i s oligonucleotide (Table V ) establish i t s sequence as
Sequence of Fragment tlZ. The sequence of this oligonucleotide has been determined e a r l i e r ( 1 ) .
Sequence of Fragment tl4. Silkworm nqclease digestion gave pU-C-C-Uas 5'-tenninus and U-G-as the 3'-end of this oligonucleotide (Table V) ; thus its sequence is pU-C-C-U-C-U-G-.
Sequence RNase. The products were fractionated by two-dimensional polyacrylamide gel electrophoresis. The bands from the second gel were eluted and one half was digested completely with Tl RNase and the other half with pancreatic RNase. The resulting products were fractionated by homochromatography and identified by base analysis and enzymatic digestion. The results are summarized in Figure 4 . The total nucleotide sequence of E. coli tRNA s n is shown in Figure 5 in the familiar 
